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Introduction As a rapidly developing country, Malaysia has shown immense progress in the construction sector. Soil serves as an engineering medium for the construction of civil structures [1] . However, limited stable soils are available worldwide due to the ever increasing human population and grain consumption [2] . Hence, optimizing the use of limited land must be done in order to cater to the increasing demand for development. Geotechnical engineers are responsible for coping with this predominant challenge by introducing innovative technologies for improving problematic soil [3] [4] .
Soil stabilization is the process of improving the physical and engineering properties of soil to achieve predetermined targets [5] . This can be done through mechanical, biological, physical, chemical and electrical methods. However, the use of acidic additives in soil may cause further pollution and dire consequences to the environment. Over the past decades, different methods have been introduced particularly by using chemical products as a soil stabilizer [6] [7] . This is because the use of chemical products is convenient and cheaper as compared to other methods [8] [9] .
Stabilized soil will boost the shear strength of soil as well as its bearing capacity and permeability [10] [11] . Furthermore, it is economically viable to increase the soil's resistance against water ingress in order to limit soil erosion and serious soil settlement. Nowadays, diverse techniques have been identified by geotechnical engineers to effectively treat problematic soil.
Materials and Methods

Kaolin Clay Soil
Kaolin clay is readily identifiable by its physical appearances which is normally white or grayishwhite in color and classified as a very fine-grained powder compared to other clay soils. Kaolin clay is dominantly made up of hydrous aluminum silicate which is represented by a chemical composition of Al2Si2O5(OH)4. It is a layer of silicate mineral consisting of one tetrahedral sheet of silica (SiO4) joined via oxygen atoms to one octahedral sheet of octahedral alumina [12] . The physical and chemical composition of kaolin clay soil are very dependent on its geological and geographical rock formation as well as its processing characteristics from its origin. Kaolin can be classified into two main types namely primary (residual) or secondary (sedimentary) kaolin [12] . The general formation of kaolin is initiated with in situ aluminosilicate rock alteration by undergoing weathering, hydrothermal and more rarely, volcanic processes. Kaolinite structure possesses a great advantage in many processes due to its high chemical stability and low coefficient of expansion [12] [13].
Physical and Engineering Properties of Kaolin Soil
The notable physical appearances of kaolin clay soil are easily recognized compared to other minerals. In general, kaolin clay soil exists as a white, fine grained powder which may contribute to its lower abrasiveness and controllable particle size [14] . Kaolin used is a clay mineral with a liquid limit of 68.5 % and plastic limit of 38.9 % and other physical properties can be seen in Table 1 . 
Liquid Polymer Chemical as a Soil Stabilizer
Liquid polymer obtained from the supplier, Dairen Chemical (M) SDN BHD, is used as a chemical agent to be used for soil stabilization. Initially, the kaolin clay soil sample is mixed with a dilution factor of 1 : 3 as seen in Figure 1and then thorougly mixed with different percentages of polymer from 10%, 15%, 20%, 25%, 30% and 35% of the total mass of kaolin soil used in the mixer as seen in Figure 2 . The soil samples were tested after curing period of 3 days, 7 days, and 14 days. The stabilized kaolin clay soil was then tested through a number of tests at the Research Center for Soft Soils, UTHM. Previously, studies on the stabilization of kaolin soil have been conducted by other researchers [15][16] . This research mainly focuses on several methods to identify the shear strength of stabilized kaolin soil. In order to determine the physical properties of the investigated soil, the water content test and Atterberg limit test and and shrinkage limit were conducted. On the other hand, mechanical properties were obtained through an unconfined compressive strength (UCS) test in order to analyze the shear strength performance of stabilized kaolin soil [17] . 
Results and Discussions
The results were tabulated and analyzed to point out the physical and mechanical characteristics of the kaolin soil samples. Additionally, the unconfined compressive shear strength of kaolin soil was determined to investigate the ability of the soil samples to withstand the application of loads.
Unconfined Compressive Strength (UCS) Test
The Unconfined Compressive Strength (UCS) test was conducted to identify the maximum compressive strength of stabilized kaolin soil. Figure 3 shows a relationship graph between unconfined compressive strength and varying percentages of diluted DCC polymer correlated with the curing periods. It can be observed that the increasing percentage of the stabilizing agent will increase the value of compressive strength and supported by the past research [18] [19] . Diluted polymer is added to the soil when necessary to sufficiently coat the entire surface of aggregates. Based on the Figure 4 , the curing period did not portray a constant increase in terms of compressive strength. However, the curing periods used throughout this research namely 3 days, 7 days, 14 days and 28 days offer a different pattern of strength increment dependent on the percentages of polymer used. Based on the 3-day curing period, the percentage of 15%, 20%, 25% and 30% of polymer have maintained their strength whereas 35% of polymer has shown dramatic increment in terms of compressive strength as compared to the strength of pure kaolin soil samples. However, for 7, 14 and 28 days curing have shown steady increment in different percentage of polymer as seen in Figure 5 . Hence, the addition of polymer to a certain percentage is capable of increasing the strength of stabilized kaolin soil as proven by previous study [20] . As shown in Figure 6 , it can be observed that a longer curing period is effective for strengthening and stabilizing the treated kaolin soil. Polymers can act as a stabilizing mechanism dependent on the evaporation of water which generates a continuous matrix coated around the soil aggregates [21] . The polymer deposited on the surface will protect the soil structure by bridging the soil structure which in turn enhances the strength of soil [22] . 
Conclusion
The aim of this research is to identify the effects of different percentages of polymer (10%, 15%, 20%, 25%, 30% and 35%) on manufactured kaolin clay soil by studying the values of unconfined compressive strength within certain curing periods (3, 7, 14 and 28 days). Based on the results obtained, it can be concluded that the polymer of dilution factor of 1:3 can be used for soil stabilisation and has potential to be used in various civil engineering applications. Additional laboratory studies are required for continuous research on the behavior of polymers and to determine the optimum polymer content and stabilization process for various applications. Besides that, further investigation need to be done via field research studies. It is recommended to test the efficiency of polymers with other emulsion mixtures or materials to examine their potential to provide added strength for problematic soils such peat soil and residual soil [23] . Through this study, the series of data that are generated may be used as a reference to distinguish the shear strength which can be achieved by other types of manufactured chemical soil stabilizers [24] .
